Wildlife surveillance allowed the monitoring of the zoonotic mosquito-borne Usutu virus (USUV) in birds and bats (Pipistrellus pipistrellus) in southern Belgium in 2017 and 2018. USUV-RNA was detected in 69 birds (of 253) from 15 species, among which 7 species had not previously been reported to be susceptible to the infection. Similarly, 2 bats (of 10) were detected positive by reverse transcriptase quantitative polymerase chain reaction (RT-qPCR). USUV-associated lesions were mainly found in Eurasian Blackbirds (Turdus merula), in which USUV antigens were demonstrated by immunohistochemistry in the brain, heart, liver, kidney, intestine, and lung. Partial nonstructural protein 5 gene-based phylogenetic analysis showed several identical or closely related strains from 2016, 2017, and 2018 clustering together within Europe 3 or Africa 3 lineages. Further, one USUV strain detected in a common chaffinch (Fringilla coelebs) manifested a close genetic relationship with the European 1 strains circulating in Hungary and Austria. Our data provide evidence of USUV endemization in southern Belgium in local birds and bats, extension of the host range of the virus and ongoing virus introduction from abroad, likely by migratory birds. Our results highlight the need for vigilance in the forthcoming years toward new virus-associated outbreaks in birds and possible human infections in Belgium.
Introduction
U sutu virus (USUV) is a member of the Japanese encephalitis serocomplex within the family Flaviviridae (Kuno et al. 1998) . Previously distributed in the African continent (Nikolay et al. 2011 ), USUV has expanded to Europe (Weissenböck et al. 2002 , Jöst et al. 2011 , Garigliany et al. 2014 and to the middle east (Mannasse et al. 2017) . It is transmitted through the bites of adult ornithophilic mosquitoes (Eiden et al. 2018) to avian hosts, which can show different clinical forms of infection according to the species, ranging from unapparent portage to severe neurological disease and death, which often occurs in blackbirds (Turdus merula) (Benzarti et al. 2019) . Other animals, including rodents (shrews) (Diagne et al. 2019) , dogs (Durand et al. 2016) , bats (Cadar et al. 2014) , red deer (García-bocanegra et al. 2016) , and equids (Hassine et al. 2014) , can be naturally infected with the virus, without reports of associated pathogenicity. The zoonotic potential of USUV, initially observed in Africa (Nikolay et al. 2011) , has been recently documented in Europe by the presence of viral RNA or antibodies against the virus in blood donor samples (Pierro et al. 2013 , Bakonyi et al. 2017b , Percivalle et al. 2017 . Besides, similarly to its close relative West Nile virus (WNV), USUV was shown to cause neurological disorders in both immunocompromised (Cavrini et al. 2009 , Pecorari et al. 2009 , Kaic et al. 2014 ) and immunocompetent humans (Kaic et al. 2014 , Simonin et al. 2018 ) and, thus, constitutes a growing source of public health concern.
In Belgium, USUV infection was first detected in the Meuse Valley in a captive Eurasian bullfinch (Pyrrhula pyrrhula) and in a wild great spotted woodpecker (Dendrocopos major), both with neurological signs, in 2012 (Garigliany et al. 2014) . Four years later, high bird mortalities linked to USUV infection were documented all over the country (Cadar et al. 2016 , Borm et al. 2017 , Garigliany et al. 2017 , Rouffaer et al. 2018 , underlining the need for vigilance facing the reemergence and rapid spread of this virus.
Here, we report the findings of USUV dead bird surveillance in 2017 and 2018 in southern Belgium, which was implemented in 2016 after a massive blackbird die-off in this area (Cadar et al. 2016) . The passive surveillance also involved pipistrelle bats (Pipistrellus pipistrellus) and aimed (1) to provide up-to-date information about the virus activity in the surveilled zone, (2) to explore the host range of USUV among local bird species, (3) to investigate USUV infection in pipistrelle bats, and (4) to gather insights into the phylogenetic relationship between the circulating strains.
Materials and Methods

Sample collection and necropsy
Dead wild birds and bats were submitted for laboratory investigations through the Surveillance Network for Wildlife Diseases of the Veterinary Faculty of Liège, by the centers for the revalidation of animal species living in the wild (CREAVES) in Temploux and Namur and by cooperative citizens who were media solicited to submit dead birds and/or bats to the nearest collection centers.
Detection and isolation of USUV
Brain and liver samples from dead birds and pipistrelle bats were collected and used for the detection of USUV RNA using reverse transcriptase quantitative polymerase chain reaction (RT-qPCR). Total RNA extraction was conducted as described in Garigliany et al. (2017) . USUV-specific RT-qPCR was performed using the protocol described by Jöst et al. (2011) . Extracted RNA samples were further analyzed for the presence of flavivirus RNA using a modified panflavivirus reverse transcription PCR targeting a segment of the nonstructural protein 5 (NS5) gene (Becker et al. 2012) . Fresh or frozen brain and liver homogenates of wild birds, which were diagnosed USUV positive by RT-qPCR, were subjected to virus isolation in African green monkey kidney cells (Vero, American Type Culture Collection, CCL-81), as described in Savini et al. (2011) .
At necropsy, a macroscopic lesion score was established for each case for hepatomegaly and splenomegaly, both considered as typical lesions in case of USUV infection (0: absence of hypertrophy, 1: slight hypertrophy, 2: moderate hypertrophy, 3: severe hypertrophy). Liver, brain, spleen, kidney, heart, and lung samples were collected for histological and immunohistochemical analyses. Tissue samples were fixed in 4% neutral buffered formalin. After embedding in paraffin wax, tissue sections were stained with hematoxylin and eosin and examined microscopically.
Microscopic scores were assigned for each tissue corresponding to RT-qPCR-positive birds based on the presence of inflammation, necrosis, or hemorrhage (0: absent, 1: mild, 2: moderate, 3: severe) in the collected organs. Then, the difference between the cycle threshold (Ct) of the sample and the corresponding Ct value of the messenger RNA of betaactin (DCt) was calculated to determine the coefficient of correlation (R 2 ) between the relative amounts of viral genome to both macroscopic and microscopic lesion scores assigned to each of the positive cases.
Paraffin-embedded sections from positive birds were subjected, after dewaxing and rehydration, to immunohistochemistry (IHC) as described in Garigliany et al. (2017) using the monoclonal anti-E protein 4E9 antibody at a 1/200 dilution.
Genetic characterization of the detected USUV strains
To investigate the phylogenetic relatedness between the circulating Belgian strains in 2017 and 2018 and those available in databases, partial NS5 gene sequences were aligned using ClustalW implemented in Geneious 10.2.3 (Biomatters, New Zealand), with representative USUV strains retrieved from GenBank. The phylogenetic tree was then constructed as described in Cadar et al. (2016) . Complete genomic sequences of USUV strains isolated in cell culture in 2017 were obtained by multiple overlapping PCRs using 17 pairs of primers and Sanger sequencing as in Cadar et al. (2014) . The full-length genome sequences were generated using Geneious v10.2.3. The consensus sequences were subsequently aligned with full-genome or polyprotein coding sequences of all USUV strains available in databases to evaluate specific variation within these new strains. Both the nucleotide and the deduced amino acid sequences were compared using Geneious v10.2.3.
Results
Detection of USUV infection and pathological findings
In total, 253 dead birds were collected in 2017 and 2018, of which 27.3% and 13.4% were found USUV positive by RT-qPCR and pan-flavivirus RT-PCR, respectively (Table 1) . Ten dead bats were tested for the presence of USUV RNA, two of which contained USUV RNA (one found in Namur in 2017 and the other in Liege in 2018). The latter also tested positive with the pan-flavivirus RT-PCR. The first positive case in 2017 was collected in April while that of 2018 was found 1 month earlier (Fig. 1) . All the bats were tested RT-qPCR negative for the presence of Lyssavirus (data not shown). Table 2 and shown in Fig. 2 .
A low coefficient of correlation (R 2 = 0.1827 and 0.1446, respectively) was found between the relative abundance of viral genomes (DCt) and the score of splenomegaly and hepatomegaly or the microscopic lesion scores, respectively (Fig. 3) .
USUV was successfully isolated from fresh liver and brain tissues of four blackbirds collected in August 2017, all found in the province of Liege (Seraing, Grivegnee, Villers-auxtours, and Richelle) and each of these strains were named accordingly. No virus isolates were obtained from dead birds in 2018.
The IHC revealed the presence of USUV antigens in the brain, heart, lung, liver, kidney, and spleen of four blackbirds, which were necropsied shortly after death and another blackbird stored at -20°C before necropsy (Fig. 4) .
The labeled cells corresponded to degenerate neurons, cardiomyocytes, pneumocytes, renal tubular cells, enterocytes, endothelial cells in the spleen, lymphocytes, and macrophages.
Genetic characterization of the detected USUV strains
The amplicons obtained with the pan-flavivirus RT-PCR (partial gene sequences coding for the NS5 protein) were submitted to GenBank (MK230894-MK230924). Phylogenetic analysis showed that most Belgian strains belong to Europe 3 lineage and some to Africa 3 lineage (Fig. 5) . Besides, one strain, detected in a common chaffinch (Fringilla coelebs), was clustered in Europe 1 lineage.
Full-genome sequences of the four USUV strains isolated in cell culture were successfully obtained: Villers/2017 (Genbank: MK230890), Seraing/2017 (Genbank: MK230892), Richelle/2017 (Genbank: MK230893), and Grivegnee/2017 (Genbank: MK230891). The first three strains revealed to be in Europe 3 lineage, while the fourth was classified in Africa 3 lineage (Fig. 4) .
The genetic distance calculated with the complete nucleotide sequence between the four strains ranged between 97.1% and 99.6%. At the amino acid level, the strains Villiers/2017 and Seraing/2017 were almost identical (99.9%, 5 amino acid substitutions) and showed *99.0% of similarity with Richelle/2017 and Grivegnee/2017 (for more details, see Supplementary Tables S1 and S2 ).
Comparative analysis of the four USUV isolates with all USUV sequences available in the databases revealed 3 unique silent mutations in Villers/2017, 4 in Grivegnee/ 2017 and Richelle/2017, and 10 others in Seraing/2017. A few substitutions resulted in unique changes in amino acid residues of Seraing/2017 (K1576R and G2325I), Richelle/ 2017 (T369M), and Grivegnee/2017 (S125F and M2094I) (for details, see Supplementary Table S3 ).
Discussion
USUV is an emerging mosquito-borne flavivirus highly pathogenic to several wild bird species. After its emergence in Italy in 1996 (Weissenböck et al. 2013) , it has spread to several European countries, including Belgium in 2012, where it re-emerged in 2016 (Cadar et al. 2016 , Borm et al. 2017 , Garigliany et al. 2017 , Rouffaer et al. 2018 . In this study, we show that USUV infection in wild birds occurred in southern Belgium during the two subsequent years (2017) (2018) . In addition, the virus was detected in overwintering C. pipiens pools collected in 2016 by RT-qPCR (Cadar et al. 2016 ) and in bats in 2017 and 2018. Together, these findings highly suggest that USUV has managed to establish a transmission cycle between local bird, bat, and mosquito species and to overwinter in affected areas, where it is becoming endemic.
USUV infections were detected in >90 bird species belonging to 35 families, but massive die-offs were mainly reported in blackbirds and great gray owls (Strix nebulosa) (Benzarti et al. 2019) . In this study, more than half of the RT-qPCR-positive cases were blackbirds. Hepatomegaly, splenomegaly, necrotizing and nonsuppurative inflammation in these tissues were indicative of a viral disease but without correlation to the abundance of the virus within the tissues. Many hypotheses can explain this observation, such as the poor preservation of viral RNA, the difference in the stages of infection , or the occurrence of a simultaneous fatal infection with other pathogens. USUV RNA was found in a series of new bird species, namely the Egyptian goose (Alopochen aegyptiaca), mallard duck (Anas platyrhynchos), common swift (Apus apus), common chaffinch (F. coelebs), Eurasian wren (Troglodytes troglodytes), tawny owl (Strix aluco), and white wagtail (Motacilla alba). The mere presence of USUV RNA does not mean that the virus infection was the cause of death (Savini et al. 2011) . Pathognomonic lesions and USUV antigen were not observed in these birds, and this may indicate a simple portage or a hyperacute infection ). These species might nevertheless play a role in the transmission cycle of the virus. The potential pathogenicity of USUV for these species, in particular the development of virulence in Anatidae, deserves further investigations.
The pan-flavivirus surveillance using conventional RT-PCR demonstrated that no other flavivirus than USUV is circulating in birds and bats from Belgium. Such surveillance is very important for monitoring the possible introduction of WNV, which is endemic in many southern, eastern, and central European countries and has recently emerged in Germany in birds and horses (Lühken et al. 2019) .
Phylogenetic analysis revealed the reoccurrence of the same or closely related USUV strains in southern Belgium during three consecutive years, and supports the endemization of these strains rather than their constant introduction each season. The potential role of Pipistrellus bats in the overwintering of the virus and in the epidemiological cycle of USUV as amplifying host was suggested (Cadar et al. 2014) and here sustained by the detection of bat-derived strains phylogenetically similar to the strains circulating in birds in Belgium. In the meantime, ongoing introduction events of USUV are demonstrated in this study by the detection of a new USUV strain in 2018 from a common chaffinch, which was classified in Europe 1 lineage. The distribution of European 1 lineage strains was previously restricted to Austria, Hungary, and Serbia. While in Austria the circulation of viruses from this lineage has not been reported since 2005 (Chvala et al. 2007 ), virus activity of European 1 lineage strains has been described in Hungary in 2005 , 2010 (Bakonyi et al. 2017a ) and lineage expansion to Serbia was detected in 2014 (Kemenesi et al. 2018) . The introduction route of USUV Europe 1 lineage strain in Belgium is unclear. Mechanisms such as bird migration (Engel et al. 2016) , international bird trade, or mosquitoes dispersal could be involved (Ziegler et al. 2016) .
Finally, due to its increasingly recognized zoonotic potential and to our data of USUV continuous circulation, public health authorities and physicians in Belgium should be aware of the risk of USUV infection in humans and include this virus in their differential diagnosis of neurological disease. Continuous monitoring of bird deaths combined with serological studies in wild birds and other vertebrate hosts of USUV should be conducted in Belgium with the aim to keep track of the virus evolution, to fully understand the virus dynamics, and to provide an early prediction of human infections.
